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The ray-casting method, the representative volume rendering method, can produce high-quality images. However, it is still time-consuming to render the 4-D image, even when various acceleration algorithms is used. The shear-warp factorization method can produce relatively good-quality images at high speed. It does require a timeconsuming pre-processing process whenever the volume data is changed. To render 4-D images in real time, we used the volume rendering method using 3-D texture mapping supported by OpenGLl.2 (SiliconGraphics, CA). This method produces goodquality images in real time without special preprocessing. It is used to express a deforming or moving object in virtual surgery or 4-0 ultrasound. It is difficult to obtain 4-0 images by conventional ray-casting or shear-warp factorization methods because of their time-consuming rendering process and the pre-processing stage necessary whenever the volume data are changed. Even when 3-D texture mapping is used, repeated volume loading is time-consuming in 4-0 image rendering. In this study, we propose a method to reduce data loading time using coherence between currently loaded volume and previously loaded volume in order to achieve real-time rendering based on 3-D texture mapping. Volume data are divided into small bricks and each brick being loaded is tested for similarity to one that was already loaded in memory. If the brick passes the test, it is defined as 3-D texture by OpenGL functions. Later, the texture slices of the brick are mapped into polygons and blended by OpenGL blending functions. All bricks undergo this test. Using continuous deforming, 50 volumes are rendered in interactive time with SGI ONYX. Realtime volume rendering based on 3-D texture mapping is currently available for personal computers.
Building 3-D Texture
To map 3-D texture data to polygons orthogonal to the viewing direction, the 3-D texture must be defined before rendering. The OpenGL function defines volumetric data as a 3-D texture map. Normal volumetric data is too large to be loaded into the texture memory at once. Therefore, volumetric data is divided into multiple bricks that are small enough fit into the texture memory and each small brick is defined as a 3-D texture map.2 
SIMILARITY TEST RESULTS
To quantify the similarity, cross-correlation between the under-sampled values of the two volumes is used. The correlation result is then normalized by the value given by: CONCLUSION With this method, 4-D volume data was rendered in interactive time with high image quality. The results show that this method provides better performance when the volume data varies locally with time. Globa changing of other data sets was also tested under the same conditions. When the volume data varies globally, the rendering performance is decreased remarkably. The sampling rate also had a significant influence on rendering speed and quality.
Volume rendering based on 3-D texture mapping is currently available for the personal computer. With the proposed method, a real-time 4-D rendering system can be implemented on personal computer. h~o xi(n)~o x~(n)
to standardize the results. If the resulted value of one brick is smaller than the threshold value, the brick passes the test. The threshold value is always less than 1.0; the value 1.0 means two bricks are exactly the same.
Continuously deforming 50-volume sets were created from one 256*256*256 magnetic resonance image to simulate a 4-D image (n = 1, 2, ..., 50, n: sequence of the volume data) (Fig 1) . The rendering time was measured in the various conditions ( Table 1, Figs 2 and 3 ). SOl ONYX (Silicon Graphics) with two 180-MHz RIOOOO microprocessors; 128 MB memory was used for this simulation.
n =30 n=20 Similarity Test
In order to load only changed part of the volume, the similarity between the previously loaded volume and the volume to be loaded is measured. Each brick is tested for the similarity. Only the bricks that pass the test are loaded into texture memory and rendered.
Sampling
To test similarity between the volume to be loaded and that already loaded, the entire volume data is uniformly under-sampled. The Intensity value of under-sampled voxels is used to determine whether a brick has been changed. Two sampling rates were used for our experiment: at intervals of 5 voxels (sampling rate: 1/125) and IO voxels (sampling rate: 1/1,000).
Compositing tlze Textured Slices
After defining the texture bricks, each 3-D texture is mapped to a stack of polygon slices perpendicular to the viewing direction and then the textured polygon slices are composited by various blending functions such as front-to-back, back-tofront, and maximum intensity projection (MIP).2· 3 Among the various blending functions, front-toback is frequently used. -.
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